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THE EFFECT OF ESTROGEN ON CARTILAGE AND BONE IN
CASTRATE CaH MICEt
The contrasting effects of estrogen upon the pubic symphysis and long
bones in mice is well known.'0 `` "' At the time new bone was forming in
the long bones the number of reticular fibers increased in the marrow.'
Because observations were made only after 30 days following implantation
of estrone, it was not possible to determine whether these fibers were
associated with the formation of new trabeculae of bone or were remnants
of trabeculae that were undergoing resorption and reconstitution. Glycogen,
alkaline phosphatase, and calcium salts were demonstrated in the reticular
stroma of newly forming membranous bone in pig embryos.' Therefore, it
seemed profitable to study the distribution of these substances as well as
reticular fibers in the long bones after short periods of estrogen treatment
in order to determine whether or not an analogous process occurs in the
development of endosteal bone in response to estrogen.
Considerable data are available on the chemical composition and histo-
chemical properties of the guinea pig symphysis during pregnancy and after
treatment with estrogen and relaxin.4"1 1 2 f " " ' The mouse symphysis
has been studied histochemically only with toluidine blue and PAS during
pregnancy,' and with toluidine blue alone in castrate mice receiving hor-
monal treatment.' In the present experiment, the knees and the pubic
symphyses of castrate mice were examined with the use of histochemical
methods at daily intervals during a 30-day period of estrogen treatment in
order to trace and compare the changes in response to estrogen at these
two sites.
MATERIALS AND METHODS
One hundred twenty-two male and female mice of the CQH strain were castrated at
3 weeks of age. The experiment was delayed until the mice were 6 to 9 weeks of age.
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Half of the mice of each sex received no treatment. The remaining mice received
1.5 ug of estradiol benzoate dissolved in 0.03 cc. of sesame oil* daily. One untreated
and one estrogen-treated mouse of each sex was sacrificed each day for 30 days.
Necropsy was performed 24 hours after the last estrogen injection. All mice were
given Purina Fox Chow and water ad libitum throughout the experiment.
The dissection and examination of the pubic symphyses and knees at necropsy were
carried out as previously described.5"0 Flexibility of the symphysis was graded from
0 to 5+. The tissues were fixed in chilled 80 per cent alcohol for 24 hours, then
dehydrated rapidly and embedded in paraffin at 60° C. under partial vacuum. The
tissues were stored at 4° C. until they were sectioned in order to prevent the
deterioration of the alkaline phosphatase.
By coating the face of the block with melted paraffin before cutting each section,
undecalcified knees and symphyses were sectioned at 14 m,. Sections of the knee and
the symphysis were mounted together on glass slides using Mayer's albumin without
thymol as an adhesive agent.
The tissues from each animal were stained by five different methods:
1. The Von Kossa method for demonstration of mineral salts.1'
2. Laidlaw's silver method for the demonstration of reticular fibers.' The ferric
ammonium sulfate sensitization recommended by Gomori'9 was added to the standard
procedure.
3. The Gomori method for demonstration of alkaline phosphatase.' Three slides from
each animal were stained by this method. All sections were decalcified for 40 minutes
in formic acid-sodium citrate buffered at pH 5.0 prior to staining for alkaline phos-
phatase in order to eliminate confusion between sites of preformed calcium salts and
sites of alkaline phosphatase activity. One slide from each animal was used as a control
and was incubated for 120 minutes in buffer without substrate. A second slide from
each animal was incubated in buffered substrate for 10 minutes, while a third was
incubated in buffered substrate for 120 minutes. All slides were collodionized after
decalcification in order to facilitate preservation of the sections during incubation.
4. The toluidine blue method for demonstration of metachromasia of the cartilage
matrix.' One slide from each animal was collodionized and stained without prelimi-
nary treatment. A second was decalcified for 40 minutes in formic acid-sodium citrate
buffered at pH 5.0 prior to staining.
5. The Hotchkiss modification of the periodic acid-Schiff method for demonstration
of polysaccharides."3'3' Three slides from each animal were stained by this method.
One was digested for one hour at 370 C. in buffered 1 per cent diastase to remove
glycogen prior to staining. A second was stained directly without preliminary digestion.
The third slide in half of the animals was digested for one hour in buffer without
diastase prior to staining. The third slide from the remaining animals was used as a
control by omitting the oxidation in periodic acid prior to staining.
After staining, the slides were rearranged so that all of the slides from each animal
were together. During the initial reading the slides were identified only by sex and
number, so that the treatment which an animal had received was unknown to the
observer at the time the observations were made.
* Injected sesame oil has no effect on the skeleton in mice.'
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OBSERVATIONS
THE PUBIC SYMPHYSIS IN UNTREATED MICE
The pubic symphyses in untreated mice of both sexes were only slightly
flexible. The interpubic separation was 0.25 mm. or less. The uterus was
atrophic with two exceptions in which it was slightly enlarged but not as
distended as in an estrogen-treated animal. The seminal vesicles were
atrophic. The bladders were not distended or hypertrophied in the untreated
animals.
Microscopically, the central portion of the pubic symphysis of the un-
treated mice consisted of fibrocartilage which was continuous with the
articular caps of hyaline cartilage covering the medial surfaces of the pubes.
Most of the symphyses contained a midline cleft in the cranial portion of
the symphysial fibrocartilage (Fig. 1). Adjacent to the cleft, the chondro-
cytes were close together in flattened lacunae with their long axes directed
along the sagittal plane. Each lacuna contained one or at the most two
chondrocytes. In the hyaline cartilage the chondrocytes were grouped into
nests of 6 to 8 cells in semi-columnar arrangement. The cartilage of the
pubes adjacent to the marrow consisted of hypertrophic and calcified carti-
lage supported by slender trabeculae of cancellous bone. The trabeculae and
surface ofthe calcified cartilage were lined with osteoblasts. Dilated sinusoids
were frequently present at the junction of the marrow and the calcified
cartilage matrix. The marrow was hemopoietic.
Coronal sections through the cortical portion of the pubic bone adjacent
to the symphysis showed occasional small indented areas in the bone where
the symphysial cartilage blended with the periosteum of the pubes at the
cranial and caudal ends of the symphysis. These areas contained a network
of reticular and collagen fibers which blended with those of the periosteum.
Collagen or reticular fibers extended between the cartilage and pubic bones
only in these small areas.
The trabeculae and cortical bone of the pubes and the calcified cartilage
adjacent to the marrow contained calcium salts. Calcium salts were also
demonstrated in islands of hypertrophic and calcified cartilage which were
frequently present in the medial-most portions of the hyaline cartilage of
the pubes. There were no other deposits in the fibrocartilage, hyaline
cartilage, or connective tissue of the symphysis.
Alkaline phosphatase was demonstrable in sections incubated for 10
minutes in the osteoblasts surrounding the cancellous bone and the calcified
cartilage, in the chondrocytes in the zone of hypertrophic and calcified carti-
lage next to the marrow, and in the chondrocytes of the islands of hyper-
trophic and calcified cartilage in the medial portions of the articular caps.
123
I HAINESYALE JOURNAL OF BIOLOGY AND MEDICINE
Neither the chondrocytes nor the matrix of the hyaline cartilage showed
activity.
The central fibrocartilage was metachromatic in 15 of the 20 males and
10 of the 13 females from which sections through this area were stained
with toluidine blue. The cranial portion of the fibrocartilage near the central
cleft was most metachromatic. Caudally, where the fibrocartilage merged
with the connective tissue of the caudal part of the articular capsule, the
tissue was orthochromatic (Fig. 1). The hyaline cartilage was strongly
metachromatic. Calcified cartilage was not metachromatic in undecalcified
sections but was intensely metachromatic after decalcification. The bone
and connective tissue stained orthochromatically in both calcified and
decalcified sections.
The matrix of the central fibrocartilage and of the nonhypertrophic and
hypertrophic hyaline cartilage of the articular caps stained light pink with
PAS. The staining of the matrix did not decrease after digestion with
diastase. Bone matrix and collagen stained faint pink. Glycogen was incon-
stantly present in the chondrocytes of the central fibrocartilage: large
amounts were present in the sections from 10 of 21 males and 13 of 24
females that passed directly through the central fibrocartilage. Those sec-
tions in which glycogen was not detected in the chondrocytes of the central
fibrocartilage also showed smaller amounts of glycogen in the chondrocytes
of the hypertrophic cartilage. Glycogen was usually present in the chondro-
cytes of the fibrocartilage adjacent to the hyaline cartilage caps of the pubes,
and its matrix stained similarly to that of the central fibrocartilage except
for a gradual decrease in intensity toward the caudal end of the symphysis.
The chondrocytes of the hyaline cartilage caps contained less glycogen and
the matrix stained slightly less intensely than that of the fibrocartilage and
the hypertrophic cartilage. The chondrocytes of the hypertrophic cartilage
contained large amounts of glycogen, but those of the calcified cartilage con-
tained little or no glycogen. Chondrocytes in the islands of calcified cartilage
in the caps of the pubes showed a similar pattern: chondrocytes in the early
stages of hypertrophy contained more glycogen than those in the surround-
ing fibrocartilage, while those immediately adjacent to the calcified matrix
contained the most glycogen. The cytoplasm of chondrocytes surrounded by
calcified matrix was vacuolated and contained little or no glycogen.
THE PUBIC SYMPHYSIS IN ESTROGEN-TREATED MICE
As the tissue changes progressed in the symphysis during estrogen treat-
ment, the joint was technically no longer a symphysis but will be referred
to as such to avoid ambiguity.
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The symphyses of the estrogen-treated mice during the first several days
of treatment were slightly more flexible than those of the untreated mice.
On the 6th day, the female showed a 4+ symphysial flexibility and an inter-
pubic distance of 0.5 mm., with slight resorption along the medial margins
of the pubic bones. The males showed slight increased symphysial flexibility
and inconstant resorption of the medial margins of the pubes between the
TABLE 1. THE RESPONSE TO ESTROGEN AT THE PUBIC SYMPHYSIS
AND THE KNEE JOINT
Knee
Days of Flexibility Interpubic gap, mm. trabeculae Reticular fibers
treatment males females males females males females males females
1 1+ 1+
2 1+ 1+
3 1+ 1+
4 1+ 1+
5 1+ 2+
6 2+ 4+
7 1+ 4+
8 2+ 4+
9 2+ 4+
10 3+ 4+
11 4+ 4+
12 3+ 4+
13 4+ 4+
14 3+ 4+
15 4+ 3+
16 4+ 4+
17 3+ 4+
18 4+ 5+
19 4+ 5+
20 3+ 5+
21 5+ 5+
22 4+ 5+
23 5+ 5+
24 4+ 5+
25 5+ 5+
26 4+ 5+
27 4+ 5+
28 5+ 4+
28 4+ 4+
29 4+ 5+
30 4+ 5+
A-Absent.
<0.25
<0.25
<0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.75
0.50
0.50
0.25
0.50
0.50
0.25
0.25
0.50
0.50
0.75
0.50
0.50
0.50
0.75
0.75
0.75
1.00
0.50
0.50
0.75
N-Normal.
<0.25 N N
<0.25 N N
<0.25 N N
0.25 N N
0.25 N N
0.50 1+ 1+
0.25 1+ 1+
0.50 1+ 1+
0.50 1+ 1+
0.75 1+ 1+
0.75 2+ 1+
0.75 2+ 2+
0.75 3+ 4+
0.75 1+ 3+
0.25 2+ 3+
0.75 4+ 4+
0.75 2+ 4+
1.00 4+ 4+
1.00 4+ 3+
1.00 4+ 4+
1.00 3+ 4+
1.00 4+ 4+
1.00 4+ 4+
1.00 4+ 4+
1.25 4+ 4+
1.50 4+ 4+
1.25 4+ 4+
0.75 4+ 3+
0.50 4+ 4+
1.00 4+ 4+
1.00 4+ 4+
P-Present
A A
A A
A A
T A
A T
P P
P P
P P
P P
A P
P P
P P
P P
P P
P P
P P
P P
P P
P P
A P
P P
P P
P P
P P
P P
P P
P P
A P
P A
P A
A P
T-Trace.
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6th and 11th days, but did not show a response comparable to that in the
females until the 11th day (Table 1). The greatest amount of flexibility in
the females occurred by the 18th day and in the males by the 19th day.
Males treated from 19 to 30 days had an average flexibility of 4+ and an
interpubic ligament averaging 0.6 mm. in length. Females treated for the
same length of time showed a flexibility of 5+ and an interpubic ligament
averaging 1.0 mm. in length. The uteri were increased in size from the 1st
to the 30th day of estrogen treatment. The seminal vesicles showed moder-
ate enlargement after 4 days of treatment and marked enlargement after 10
days. None of the females had distended bladders. The response of the blad-
ders of the males was inconstant but distension was seen most frequently
after 17 days of treatment.
The histological response to estrogen was similar in both sexes except
that the males responded more slowly and to a lesser degree than the
females. The morphological changes occurring in the two sexes will there-
fore be described together. The pubic symphyses of the estrogen-treated
mice resembled those of the untreated mice during the first 2 to 3 days of
treatment. After 3 to 4 days the matrix of the hyaline cartilage caps of the
pubes was swollen and the chondrocytes were in random rather than semi-
columnar arrangement. On the 5th day, rounding of the chondrocytes and
increased cellularity of the central fibrocartilage were present. Many
lacunae contained 2 to 4 rather than 1 to 2 chondrocytes. By the 6th day,
there was resorption of the bone at the cranio- and caudo- dorsal ends of
the symphysis at the sites where there was normally a slight indentation of
the margin of the bone in the untreated mice. The bone and marrow nor-
mally adjacent to the calcified cartilage matrix were partially replaced by
a mass of highly cellular connective tissue which extended inward toward
the center of the symphysis from its cranial and caudal ends. The cells
resembled fibroblasts. The surface of the bones adjacent to the connective
tissue was irregularly eroded and osteoclasts were present in eroded lacunae
of the bone and along the surface of the calcified cartilage next to the con-
nective tissue. The eroded areas contained many fine reticular fibers, in
contrast to the heavier collagen fibers of the normal periosteum. Extension
of the connective tissue inward between the cancellous bone and the sym-
physial cartilage progressed in extent throughout the period of treatment.
By the 19th day it was interposed between the bone and the cartilage for
the entire length of the symphysis.
On the 8th day the central fibrocartilage resembled hyaline more than
fibrocartilage. A few flattened chondrocytes still persisted along the midline
in the male. The process of "hyalinizing" of the fibrocartilage matrix and
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Volume 30, November, 1957FIG. 1. Decalcified coronal section of the symphysis pubis from an untreated castrate
male stained with toluidine blue. The metachromasia, which is most pronounced in the
fibrocartilage surrounding the central cleft, gradually diminishes caudally. x32.
FIG. 2. Decalcified sagittal section of the proximal end of the tibia from an untreated
castrate male. Trabeculae (arrows) in the metaphysis are slender and oriented parallel
to the long axis of the bone. Toluidine blue stain. x27.
FIG. 3. Decalcified sagittal section of the proximal end of the tibia from a castrate
female treated with estrogen for 30 days. The numerous trabeculae in the metaphysis
are oriented at random rather than parallel to the long axis of the bone. Toluidine
blue stain. x27.FIG. 4. Decalcified coronal section of the symphysis pubis from a castrate female
treated with estrogen for three days. Alkaline phosphatase is present in many of the
chondrocytes of the central fibrocartilage (arrows). x70.
FIG. 5. Undecalcified coronal section of the symphysis pubis from a castrate female
treated with estrogen for 22 days. Part of the cartilage caps of the pubes remain. The
central portion of the symphysis is composed of a tissue intermediate between cartilage
and connective tissue. Laidlaw's silver stain. x75.
FIG. 6. Decalcified sagittal section from the proximal end of the tibia of an untreated
castrate female. Gomori method for alkaline phosphatase. x79.
FIG. 7. Undecalcified section of the tibial marrow from a castrate male treated with
estrogen for four days. Reticular fibers form a network projecting into the marrow
from the surface of the trabecula (arrow). Laidlaw's silver stain. x1250.Effect of estrogen on cartilage and bone I HAINES
rounding of the lacunae with multiplication of the chondrocytes continued
progressively throughout the period of treatment. By the 10th day the carti-
lage near the midline consisted of numerous cells with full oval to round
nuclei set in a glassy homogeneous ground substance in which no fibrillar
structure was visible in sections stained with toluidine blue or PAS. Cellu-
larity was greatest at the center of the symphysis; toward the periphery the
chondrocytes were separated by wider intervals of homogeneous matrix.
After 14 days a few areas were present in which the silver stain showed
remnants of cartilage matrix and lacunae superimposed upon thick bundles
of collagen. After 16 to 17 days, silver stains showed many areas of the
central symphysial cartilage to be intermediate between cartilage and con-
nective tissue (Fig. 5). In transitional areas, the collagen bundles nearest
to the cartilage formed lacuna-like spaces around the cells. This orientation
gradually changed to mere undulations of the collagen fibers and finally to
straight bundles of collagen with no lacunae around the fibroblasts in areas
of connective tissue. The cells were identical in appearance in areas where
no matrix could be demonstrated either with the silver stain or with PAS.
Occasional areas of cartilage in which the lacunae were elongated as in fibro-
cartilage of untreated mice persisted as late as the 23d day, particularly in
the more cranial portion of the symphysis. The matrix in these areas was,
however, hyalinized. As the length of treatment progressed, the remnants of
cartilage decreased in amount until after 25 to 30 days of treatment the
interpubic tissue consisted of a large area of connective tissue in which the
remains of the hyalinized cartilage were located either centrally or to one
side.
There was no change in the distribution of calcium salts in the symphyses
of the estrogen-treated mice as compared to the untreated mice. Isolated
remnants of unabsorbed calcified cartilage occasionally remained in animals
treated for 20 days or more.
Alkaline phosphatase was present in all of the sites in which it was
present in the untreated animals, and in addition, was present in the central
fibrocartilage and connective tissue of the caudal portion of the articular
capsule after the 3d day of treatment (Fig. 4). Activity was most prominent
in areas which were most highly cellular: in the midline region of the sym-
physis, and at the junction of this midline region with the caudal connective
tissue of the articular capsule. There was heavy activity in the areas where
the connective tissue extended inward from the periosteum between the
cancellous bone and the calcified cartilage. Activity was maximum along the
line of the eroded bone surface and along the surface of the calcified carti-
lage matrix in regions which were richest in fine reticular fibers and highly
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cellular connective tissue. This general pattern, established by the 6th to
7th day, continued throughout the period of treatment.
Metachromasia of the central fibrocartilage was not present after the 9th
day in females and after the 14th day in males. Fading began at the caudal
end of the symphysis and gradually worked cranially so that the extreme
cranial portion of the symphysis was the last to lose its metachromasia. In
animals treated longer than 14 days, metachromasia appeared only in rem-
nants of hyaline cartilage and in remnants of calcified cartilage matrix in
decalcified sections.
The intensity of staining of the symphysis with PAS was not decreased
after estrogen treatment. Glycogen was present in the chondrocytes of the
central cartilage in 6 of 7 males in which appropriate sections were stained
during the first 9 days of treatment, and in all of the females during the first
4 days of treatment. After the 9th day, there was no glycogen in the chon-
drocytes of either the central or the hyaline cartilage in any of the 15 males
in which sections passed through areas in which glyocgen was normally
present. After the 5th day, no glycogen was present in any of 17 females in
which the sections passed through normally glycogen-containing areas.
Some glycogen was present in a few of the chondrocytes in the hypertrophic
cartilage after 18 days of treatments, although the amount was generally
less than was found in the untreated animals.
THE KNEE IN UNTREATED MICE
The articular surfaces of the femur and tibia consisted of hyaline cartilage
supported by a thin layer of bone. Between the hyaline cartilage and the
bone there was a narrow layer of calcified cartilage. The epiphysial plates
consisted of a narrow layer of hyaline cartilage supported on its epiphysial
surface by a thin layer of bone, a layer of columnar cartilage averaging 8
cells in thickness, and a layer of sclerotic cartilage 2 to 4 cells in thickness.
The metaphysis contained hemopoietic marrow and slender trabeculae of
bone oriented parallel to the long axis of the bone (Fig. 2). There were no
reticular fibers projecting from the surfaces of the bony trabeculae or from
the endosteal surface of the cortical bone.
Mineral salts were demonstrable in the trabeculae of the epiphysis and
metaphysis, in the cortical bone, in the layer of calcified cartilage of the
epiphysial plate, and in the calcified portion of the articular cartilage next to
the supporting bone. Calcification was frequently present in the central
portion of the semilunar cartilages.
Alkaline phosphatase was present in the chondrocytes of the hyaline
cartilage adjacent to the calcified cartilage in the articular surfaces of the
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femur and tibia, patella and semilunar cartilages. In the epiphysial plate
there was little or no alkaline phosphatase in the columnar cartilage cells
next to the hyaline cartilage, but there was a progressive increase in amount
toward the metaphysial end of the column with a maximum amount in the
chondrocytes of the hypertrophic and calcified cartilage. There was also
heavy activity in the osteoblasts lining the surface of the calcified cartilage,
trabeculae of cancellous bone, and endosteal and periosteal surfaces of the
cortical bone (Fig. 6).
Although there was a great deal of variation in the degree of staining
with toluidine blue, the pattern was consistent. All the hyaline cartilage
stained metachromatically, with that of the epiphysial plate staining more
intensely than that of the articular cartilage. Calcified cartilage was not
metachromatic in undecalcified sections except for faint rims of meta-
chromasia on the inner surfaces of the lacunae of the chondrocytes. After
decalcification the calcified cartilage was intensely metachromatic. (Fig. 2).
The connective tissue and bone matrix were invariably orthochromatic.
With PAS the hyaline cartilage matrix stained a bright pink, which was
not decreased by digestion with diastase. Bone matrix and collagen stained
a lighter pink. The chondrocytes of the articular cartilage contained glyco-
gen. Those on the surface contained little glycogen, but the glycogen content
of the cells progressively increased passing toward the calcified cartilage
with the hypertrophic cells next to the calcified cartilage containing the
most. The cytoplasm of the cells of the calcified cartilage was vacuolated and
contained little glycogen. The pattern of distribution of glycogen in the
chondrocytes of the epiphysial plate was similar; the amount progressively
increased to a maximum in the hypertrophic cartilage cells next to the
calcified cartilage, but the cells of the calcified cartilage itself contained
little or no glycogen.
THE KNEE IN ESTROGEN-TREATED MICE
There was no structural change in the articular cartilages or ligaments of
the knees after treatment with estrogen, nor were there any histochemical
changes except in association with the formation of new trabeculae of bone.
During the first 5 days of treatment, there was no increase in the number
of trabeculae of the metaphysis of the femur or tibia in either sex. Reticular
fibers first appeared in the marrow on the 4th or 5th day and were con-
stantly present after the 6th day of treatment. The fibers first appeared
projecting into the marrow from the endosteal lining of the cortical bone
and from the angles of existing trabeculae in the metaphysis. They formed
a network which was dense in its central portion, with fine fibers extending
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outward toward the periphery in random fashion (Fig. 7). The growth of
fibers inward from the endosteum took place mainly in the upper metaphysis
during the early period of treatment and did not reach the diaphysis until
the 12th day. With increasing length of treatment there was a progressive
increase in the amount of endosteal bone in the metaphysis and a decrease
in the number of reticular fibers except at the diaphysis where new growth
of endosteal bone and extension of trabeculae into uninvolved marrow was
taking place. Reticular fibers always appeared as an outgrowth from the
surface of existing bone and never primarily in the marrow. Alkaline phos-
phatase was present in association with these reticular fibers, but because of
the thickness of the sections studied, it was not possible to determine
whether or not glycogen and early deposits of calcium salts were also
present.
Newly formed trabeculae were randomly oriented in contrast to the
trabeculae parallel to the long axis of the bone in untreated mice (Fig. 3).
With increasing duration of treatment, the bone extended farther into the
metaphysis. By the 12th day, the endosteal bone extended into the diaphysis
and after 16 to 18 days the maximum bone growth was reached. Table 1
shows the grading of the amount of endosteal bone and the appearance of
reticular fibers in the marrow of the treated animals. Occasional animals
failed to show reticular fibers or showed less than the expected amount of
endosteal bone growth for a given length of treatment, but the majority
conformed to the pattern described above.
DISCUSSION
The general pattern of response to estrogen was similar to that previously
described.5'6 '01'17`18'212 In untreated animals there was no difference be-
tween the staining properties of fibrocartilage, hyaline cartilage, or calci-
fying cartilage in the knee as compared with the pubic symphysis stained by
any of the methods used except for the high glycogen content of the chon-
drocytes of the symphysial fibrocartilage. However, there were marked
histochemical as well as morphological differences between the cartilage in
the two sites after treatment with estrogen, in that the symphysis showed
increased alkaline phosphatase activity, disappearance of metachromasia,
and disappearance of the glycogen from the chondrocytes, while the carti-
lages of the knee showed no change. Whether the difference in response
was due to an intrinsic difference in the cartilage in the two sites which the
methods used were not sufficiently sensitive to detect, or whether the
difference was due to a hormone secreted locally in response to estrogen,' 0'
is still open to question.
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The earliest changes in the symphysis are a swelling of the cartilage
matrix and a proliferation of the cartilage cells of the central fibrocartilage."
Crelin7" observed increased numbers of mitoses in the symphysial fibro-
cartilage in mice treated with estradiol and relaxin and injected with
colchicine 6 hours prior to necropsy. The great number of mitoses occurred*
in the midline area of the fibrocartilage in the same area which was most
highly cellular in the present study. No great amount of mitoses was found
in the highly cellular connective tissue adjacent to the eroded margin of the
pubes. Although a contributory role of relaxin cannot be excluded, the find-
ing of large numbers of mitoses in areas which were most highly cellular in
the estrogen-treated animals suggests that there may also be proliferation
of the chondrocytes in these areas in the animals treated with estrogen
alone.
Heretofore, it was felt that the greatest contribution to the length of the
interpubic ligament was made by proliferation of the highly cellular con-
nective tissue along the margin of the eroded bone of the pubes."' The
origin of the tissue may be from an inward migration of the cells from the
inner layer of the periosteum of the pubes or also at least in part from the
marrow by way of channels eroded through the medial margins of the pubes
since marrow cells have been observed among the fibroblasts in this
tissue."'2 The finding of increased numbers of mitoses and increased
cellularity in the central portion of the fibrocartilage suggests that growth
of the ligament may take place by proliferation of the cells in this site as
well. Why no great number of mitoses was observed in the highly cellular
area adjacent to the margins of the pubes remains a perplexing question.
A possible source of some of these cells may be liberation of the chondro-
cytes andosteocytes in areas of erosion of bone and cartilage,11
'- '- or erosion
of bone and dissolution of the cartilage matrix may permit the dorsal and
ventral portions of the articular capsule to approach one another along the
margin of the eroded bone and thus create the appearance of increased
cellularity through a merging of the highly cellular portions of the capsule.'
The swelling of the ground substance of the cartilage which was observed
might be explained on the basis of an uptake of water as suggested by
Talmage'lM and Hall.' A change in the refractive index of the ground sub-
stance as a result of water uptake may be responsible for the glassy,
homogeneous appearance of the matrix of the hyalinized cartilage by mask-
ing the collagen fibers. The suggestion of depolymerization of the glyco-
proteins of the ground substance" remains an attractive one in view of the
apparent disappearance of the ground substance in the transition between
cartilage and connective tissue. Since continuous transitions were observed
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between cartilage and connective tissue, it appears that much of the cellular
and extracellular constituents of the interpubic ligaments are derived from
the symphysial cartilage by dissolution of the ground substance.
The results obtained with the Gomori method for alkaline phosphatase
tend to confirm the suggestion of other workers'8'-' "8 that the increase in
alkaline phosphatase activity in the pubic symphysis after treatment with
estrogen parallels the development of rapidly proliferating connective tissue.
Activity was high in the central part of the symphysis where cellular pro-
liferation occurred in the treated animals and absent in this area in un-
treated animals. Activity was also high along the margins of the eroded
bone where many reticular fibers were present. The presence of alkaline
phosphatase in the fibrocartilage adjacent to the hyaline cartilage caps of the
pubes in both untreated and treated animals was related to the development
of islands of calcified cartilage within the fibrocartilage and therefore an
example of the well-known association of alkaline phosphatase with chon-
drocytes in the process of calcification. The role of the alkaline phosphatase,
other than its association with proliferating connective tissue, is not yet
clear.
Metachromatic staining of cartilage is largely due to the presence of
chondroitin sulfuric acid in the ground substance."" The disappearance of
metachromasia from the symphysis pubis after treatment with estrogen has
not been conclusively explained. Loss of metachromasia is probably due to
a depolymerization of the chondroitin sulfuric acid of the ground substance,
since metachromasia is dependent upon a high molecular weight as well as
upon the sulfuric acid group. However, another possible explanation for the
loss of metachromasia is that the reactive groups of the chondroitin sulfuric
acid may be bound by another ion in competition with the dye. The com-
petitive effect of calcium ion has been demonstrated,"' and there is an
increase in the calcium content of the symphysial tissue after treatment with
estrogen.'8 However, if calcium were involved, one might expect a return of
metachromasia after decalcification, which is not the case. French and
Benditte' showed that the presence of basic proteins may mask the meta-
chromatic staining of mucopolysaccharides by toluidine blue and imitate the
effect of hyaluronidase or chondroitinase in eliminating metachromatic
staining of chondroitin sulfuric acid in vitro. That some change in proteins
does occur in the symphysis after treatment with estrogen is evident by the
work of Frieden and Martin and Frieden," who showed that there was an
increase in the incorporation of labelled glycine by the symphysis pubis of
castrate guinea pigs treated with estradiol. Quantitative studies of total
chondroitin sulfuric acid content of the symphysial tissue before and after
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treatment with estrogen would be of considerable value in determining
whether disappearance of metachromasia is due to depolymerization of the
chondroitin sulfuric acid or to masking of its staining by protein or an ion
such as calcium.
The irregular staining of the symphysis of the untreated animals with
toluidine blue remains unexplained. It has been observed by other workers.'
Wislocki, Singer, and Dempsey1 reported that thin sections are necessary
for optimal demonstration of metachromasia since thicker sections tend to
appear orthochromatic. Part of the difficulty in the present experiment may
have been due to the thickness of the sections and to variations in thickness
due to variable expansion after application of melted paraffin to the surface
of the block at the time of sectioning.
The PAS staining of the cartilage of the symphysis did not parallel the
staining with toluidine blue, since there was no decrease in the intensity of
staining of the matrix at any time during the period of treatment with estro-
gen. Hall' found a diminution in the intensity of PAS staining as well as
metachromasia in the symphysis during the last 5 days of pregnancy in the
mouse. The difference between her findings and thoseof the present experi-
ment are probably related to the presence of relaxin, since Perl and
Catchpole'8 observed a decrease in the intensity of PAS staining of the
symphysis of the guinea pig after treatment with estrogen plus relaxin but
not after estrogen alone. Depolymerization of the ground substance might
be expected to release additional reactive groups and increase the intensity
of staining with PAS; however, uptake of water and dissolution of the
matrix might be expected to decrease the staining intensity. The differences
between the effects of estrogen alone and of estrogen plus relaxin may be
related to differences in the equilibrium attained between the two processes.
The significance of the disappearance of glycogen from the chondrocytes of
the symphysis in response to estrogen is as yet unclear. The absence of
glycogen in some of the sections from untreated animals may have been due
to artefact since those sections which did not contain glycogen in the chon-
drocytes of the central fibrocartilage also failed to show the usual amount of
glycogen in the chondrocytes of the hypertrophic cartilage.
Growth of medullary bone at the knee appears to occur primarily at the
ends of existing trabeculae and on the endosteal surface of cortical
bone."' " " "' The process begins by extension of reticular fibers from the
ends of trabeculae and from the endosteal surface of the cortical bone in the
metaphysis. These gradually increase in number to form a network with
collagen fibers in its central portion. Alkaline phosphatase appears in
association with these fibers. It was not possible in the present study to
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observe an increase in the PAS staining around the reticular fibers or in the
adjacent cells, or to detect fine granules of calcium salts among the fibers in
intermediate states between reticular fibers and fully calcified trabeculae.
Such findings might be expected in view of their presence in the develop-
ment of membranous bone.' It is possible that the absence of such findings in
the present experiment was apparent only because of the disruption of the
tissue as a result of sectioning without decalcification and to the obscuring
of fine detail by the thickness of the sections.
The reticular fibers seem definitely to be a preliminary step in the growth
of new bone. They appeared slightly before any increase in the number or
size of the bony trabeculae became evident and persisted during the time in
which bone growth was taking place with a tendency to decrease in number
toward the end of the experiment when maximum bone formation had
already taken place. The growth of endosteal bone appears to be similar to
the formation of membranous bone rather than to the simple addition of
new bone along the surface of existing trabeculae by the osteoblasts. The
origin of the osteogenic cells which lay down the bone in the aggregates of
reticular fibers was not determined. They may develop from the primitive
reticular cells of the marrow as suggested by Urist, Budy, and McLean' or
they may migrate outward from existing trabeculae.
SUMMARY
Observations using histochemical methods were made of the symphysis
pubis and of the knee joint in castrate male and female mice at daily inter-
vals during a 30-day period of treatment with estrogen. A marked increase
in flexibility of the symphysis was evident after 6 days of treatment in
females and after 11 days in males. Flexibility determined by manual
manipulation did not increase after 19 days of treatment in either sex. There
was a swelling of the matrix and proliferation of the chondrocytes in the
central fibrocartilage of the symphysis in estrogen-treated mice of both
sexes. Glycogen disappeared from the chondrocytes of the fibrocartilage
after the 5th day in females and after the 9th day in males. Metachromasia
disappeared from the fibrocartilage matrix after the 9th day in females and
after the 14th day in males. Alkaline phosphatase was present in the sym-
physial fibrocartilage after 3 days of treatment in both sexes. There was
resorption of the medial margins of the pubes beginning at the craniodorsal
end of the symphysis on the 6th day of treatment in both sexes. After 30
days of treatment the interpubic tissue was composed largely of connective
tissue in which a few islands of hyalinized cartilage remained.
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The knees of the estrogen-treated mice stained similarly to those of the
untreated mice. After 4 to 6 days of treatment reticular fibers were present
in the bone marrow near the ends of trabeculae and along the endosteum of
cortical bone. The number of trabeculae within the epiphysis and metaphysis
increased with increasing length of estrogen treatment so that after 16 days
the marrow was filled with a network of cancellous bone. The trabeculae in
the estrogen-treated animals were thicker than those in the controls and
were oriented in random fashion rather than parallel to the long axis of
the bone.
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